We used liquid chromatography high-resolution tandem mass spectrometry to analyze the 18 lipidome of turtlegrass (Thalassia testudinum) leaves with extremely high phosphorus content 19 and extremely low phosphorus content. Most species of phospholipids were significantly down-20 regulated in phosphorus-deplete leaves, whereas diacylglyceryltrimethylhomoserine (DGTS), 21 triglycerides (TG), galactolipid digalactosyldiacylglycerol (DGDG), certain species of 22
glucuronosyldiacylglycerols (GlcADG), and certain species of sulfoquinovosyl diacylglycerol 23 (SQDG) were significantly upregulated, explaining the change in phosphorus content as well as 24 structural differences in leaves of plants growing under diverse phosphate concentrations. These 25 data suggest that seagrasses are able to modify the phosphorus content in leaf membranes 26 dependent upon environmental phosphorus availability. 27 Main Text: 28 Seagrasses are a widely distributed group of marine plants that provide a range of ecological 29 services to coastal habitats around the world. Seagrass beds are in worldwide decline, mostly due 30 to anthropogenic changes in nutrient delivery to coastal waters 1 . For over 30 years, it has been 31 known that many seagrass species can display shifts in foliar phosphorus (P) content in response 32 to environmental availability 2,3 , an adaptation that allows them to grow in a wide range of 33 habitats with divergent nutrient conditions. In Thalassia testudinum (turtlegrass), a dominant 34 species in South Florida, 4 elemental C:P ratios can differ by more than 10 fold from around 200 35 to nearly 3000, often dependent upon environmental P availability. 3,5,6 Thalassia testudinum is 36 distributed along the western Atlantic from Florida, USA to Venezuela, throughout the Gulf of 37 Mexico and the Caribbean Sea. 7 Thalassia hemprichii, the other species in this genus, is also 38 widely distributed in the coastal waters of the Indian Ocean and the western Pacific. 8 While the 39 morphology of turtlegrass leaves and canopy structure changes with decreased P content, areal 40 production rates can remain relatively high, 6 indicating metabolically active plants. Changes in 41 C:P ratios and P content of turtlegrass occur along natural P gradients, 4,6,9 but can also be induced 42 by fertilization experiments in P-depleted habitats 5,10 . The exact cellular mechanisms on how 43 turtlegrass lowers its P content are mostly unknown. In this study, we used liquid 44 chromatography high-resolution tandem mass spectrometry (LC-HRMS/MS) to analyze the 45 lipidome of turtlegrass leaves that contained either a high percentage of P (0.445 ± 0.017%) or a 46 low percentage of P (0.083 ± 0.002%). The N, C, and P leaf content is shown in Table S1 . The GlcADGs are not included in Table 1 , which only shows overall changes in lipid classes. 90 Also, TGs were highly upregulated in P-deplete Thalassia leaves. TGs were also upregulated in 91 nitrogen studies in the alga Chlamydomonas reinhardtii. 22 In general in starvation conditions, 92 membrane lipids are expected to decrease due to a shift towards TG synthesis 23 as well as 93 replacement by DGTS and DGDG 18 . We found that a significant number of DGDG species 94 increased in P deficient seagrass leaves ( needed to understand the downregulation of DG and Cer-NS in P-deficient seagrass plants. 99 While the majority of the 32 SQDG species identified had fold changes greater than one 100 (indicating upregulation; 27/32), only two were found to be significant (Hochberg corrected p-101 value < 0.05), namely SQDG (16:0_18:4) and SQDG (40:11), SeaGrassData_Supplemental.xlsx). 102 Therefore, according to our study, SQDG had minor to no upregulation in concentration compared to TG, DGDG, DGTS, and certain GlcADG species and does not play an important role 104 in remodeling of foliar membrane lipids under different P concentrations. While we cannot 105 completely exclude that some of the 600 detected lipids originate from epiphytes or 106 (endo)symbionts that were not completely removed by our washing steps, we are certain that 107 the decrease in P-containing lipids reflect changes in the seagrass lipidome as 108 phosphatidylcholine (PC), phosphatidic acid (PA), and phosphatidylethanolamine (PE) have 109 previously been reported to be the main P-lipids in seagrasses. 110 In conclusion, we present evidence of a key cellular mechanism employed by a widely-distributed 111 marine plant to thrive in nutrient-poor, oligotrophic conditions. These results not only explain 112 the cellular mechanisms driving variability in turtlegrass P content, but also may potentially 
